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Liquid crystal poly [oxy( 1,2-butene)oxycarbonyl- 1,4-phenyleneoxycarbonyl- 1,4-phenylenecarbonyloxy- 1 ,Cphenylenecar- 
bonyl], PTOBEE, has been synthesized in a different way than the previously reported nematic and it has been obtained as 
cholesteric, although synthesized from a racemic mixture of the 1 ,Zbutanzdiol involved. Stereoselective solubilization of 
one enantiorner during its decantation in toluene, at the reaction temperature, explains why this chiral polymer phase 
appears. Evidence of this could be precisely obtained when a white solid recrystallized within the same toluene after the 
filtration of the polymer, being identified as (-) PTOBEE with a value of [a]:;, = -2.33 [0.0056 mom, toluene]. 
1. Introduction 
Liquid crystals are self-organizing systems. They do not 
ga directly from the crystalline state into the isotropic 
state. Instead, they form intermediate mesophases, which 
combine the order of perfect crystals with the mobility of 
gases and liquids. The molecular basis is almost always 
simple: anisotropic or amphiphilic molecules with a rigid 
geometry (mesogenic units) build blocks with anisotropic 
properties [ 11. The parallel orientation of the longitudinal 
molecular axes is common to all mesophases. Two major 
classes can be distinguished: nematic (with molecular cen- 
ters distributed isotropically) and smectic (molecular cen- 
ters organized in layers). A special array of nematic planes 
stacked in a “superhelical” structure characterized by a 
prevalent screw direction is called a cholesteric meso- 
phase. These mesophasic states reflect selectively incident 
light and when the length of the helical pitch is comparable 
to the wavelength of visible light, they exhibit typically 
brilliant colors [2]. 
Thermotropic liquid crystal polymers with a mesogenic 
unit, previously studied in low molecular mass LCs, based 
on a central terephthalic acid residue flanked by two p-  
oxybenzoyl residues connected by polymethylene flexible 
spacers, were synthesized by Lenz et al. [3]. High melting 
temperatures, between 220 “C and 342 “C, and clearing 
ones ranging from 267 “C to 365 “C, were obtained for the 
number of methylene groups ranging from 2 to 10. The 
influence of symmetric or asymmetric lateral substitution 
in the flexible spacer has also been studied [4-61, obtain- 
ing a considerable decrease in the crystal to liquid-crystal 
and mesophase to isotropic transition temperatures with 
respect to the nonsubstituted polymer. 
In 1982 Galli et al. [7] introduced, to the same meso- 
genic hard segments, flexible spacers compatible with 
aqueous systems under physiological conditions (low 
molecular weight hydrophilic spacers hydroxy-terminated 
as poly(ethy1ene oxide) (PEO) and poly(propy1ene oxide)s 
(PPO)s, the latter containing chiral centers in each unit), 
previously used in low molecular weight liquid crystal 
compounds to lower transition temperatures. They 
observed the influence of type, length and distribution of 
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spacers on the mesophase and melting behaviors of the 
polymers. They limited the liquid-crystal character of 
polymers to 10 units in the spacer. 
Chiellini et al. [8, 91 extended their study to other opti- 
cally active diols of different length and different substitu- 
ents as spacers during the polycondensation, capable not 
only of imparting to the polymer a hydrophilic character 
but also the stereochemical assembling of the hard seg- 
ments in the cholesteric mesophase. When chiral glycols 
were used, optically active polymers were obtained in all 
cases, whose conformational changes were studied in 
detail. When a racemic mixture of the diol was used, a 
“racemic” nematic polymer was also obtained in all cases. 
They reported the polyester C26H2008 as nematic when 
synthesized from a racemic glycol mixture, with q = 
0.15 dl g-’, T, = 162°C Ti = 265°C and AHi = 2.7 kJ 
mo1-' . 
We have selected the same rigid mesogen (HTH = 4,4’- 
(terephthaloyldioxy dibenzoic acid) to be incorporated in 
the main chain, and different racemic mixtures of glycols 
with different lateral chain lengths to be introduced as flex- 
ible spacer in order to analyze the influence of lateral 
methylene substituents of the spacer on the polymer mor- 
phology in the presence of chiral carbon atoms. In the pre- 
sent paper the glycol used was 1,2-butanediol and the 
synthesis route was that described by Bilibin et al. [lo], 
different from that used by Chiellini in 1990 [9]. Our 
results are different from those previously reported for the 
same compound. 
To this end, we report for the first time the synthesis, 
characterization, thermal properties and morphology of 
cholesteric poly [oxy( 1,2-butene)oxycarbonyl-l,4-pheny- 
leneox ycarbonyl- 1,4-phenylenecarbonyloxy- 1,4-phenyle- 
necarbonyl], PTOBEE (l), according to the new way of 
synthesis. 
Further work is in progress in order to describe the 
kinetics and mechanism of the phase transitions. 
1 H 
PTOBEE (1) 
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2. Experimental 
2.1. Synthesis of cholesteric PTOBEE and recrystallized 
(-)PTOBEE 
The synthesis of PTOBEE was carried out by polycon- 
densation of 4,4'-(terephthaloyldioxydibenzoic chloride) 
(TOBC) and a racemic mixture of 1,2-butanediol in 1- 
chloronaphthalene at 200°C for three hours in N2 atmo- 
sphere. The dichloride, TOBC, was obtained by reaction 
of thionyl chloride with 4,4'-(terephthaloyldioxydiben- 
zoic) acid (TOBA), previously synthesized from ter- 
ephthaloyl chloride and 4-hydroxybenzoic acid. Accord- 
ing to the method described by Bilibin [lo], the result of 
the polycondensation reaction was poured into a large 
excess of toluene, decanting PTOBEE, which was filtered, 
washed with ethanol and vacuum dried (yield 80%). Its 
structure was confirmed by 'H- and 13C-NMR as (1). 
The transparent mixture of toluene and the mother liquor 
was kept enclosed at room temperature. After some time a 
new white solid begun to recrystallize. It was identified as 
enantiomer (-)€TOBEE. 
2.2. Characterization 
The racemic character of the original 1,2-butanediol was 
confirmed by optical rotatory dispersion (ORD) measure- 
ments. 'H-NMR confirmed its structure, and also that of 
the intermediate reaction product, TOBA. 
The characterization of TOBA and PTOBEE by elemen- 
tal analysis gives the following values: 
TOBA C22H1408 (406) Calc. C 65 H 3.4 
Found C 65.1 H 3.4 
PTOBEE C2&,08 (476.26) Calc. C 65.6 H 4.2 
Found C 65.8 H4.2 
The structure of PTOBEE was confirmed by 'H and 
13C NMR spectra, in (CD3)2S0 at 80°C with a Varian 
300 MHz spectrometer, and presented the following che- 
mical shifts: 
'H-NMR [(CD,),SO]: 6 (in ppm from tetramethylsilane) 
(8 subscripts are those of the corresponding carbon atom 
number according to 1). 
612 = 8.34 (4H), 8 7  = 8.13-8.04 (4H), 68 = 7.55-7.45 
(4H), 64 = 5.37 (1 HJ, 63 = 4.66-4.62 (lHb), 63 = 4.56- 
4.49(1Ha),62= 1.91-1.85 (2H,3),61= 1.08-1.01 (3H,) 
GcooH = 165.78 (IC), 6y = 164.25 (lC), 610 = 162.81 
(2C), 6, = 153.79 (2C), 611 = 132.96 (2C), 87 = 130.24 
(4c), 612 = 129.63 (4c), 66' = 127.07 (2c), 88 = 121.42 
(4C), 84 = 73.17 (1 C), 63 = 64.67 (1 C), 82 = 22.99 (1 C), 61 
' 3C-NMR [ (CD3)2SO]: 6 (ppm from tetramethylsilane) 
= 8.55 (1 C). 
GcOoH is interpreted as due to final acid groups. 
The inherent viscosity was estimated in an Ubbelohde 
viscosimeter at a concentration of 0.5 g dl-' in p-chloro- 
phenol at 45 "C. A value of 0.14 dl g-' was obtained for 
PTOBEE. 
Circular dichroism (CD) of PTOBEE was measured in a 
spectropolarimeter Jasco J-720 between 200 and 700 nm, 
in solid films prepared at 18O"C, smoothly sheared. CD 
was also measured, over 40"C, in samples of PTOBEE dis- 
solved in 2,3,4,5,6-pentafluorophenol, solid at room tem- 
perature. 
Optical rotatory dispersion (ORD) was evaluated in a 
Perkin-Elmer polarimeter 241MC with ANa = 589 nm, slit 
= 5 mm, integration time = 5 s and E = 40 PA. Its value for 
PTOBEE could not be accurately stabilized as it did not 
dissolved properly in the solvents used. 
Thermal stability measurement was carried out on a 
Mettler TA4000-TG50 at a heating rate of lO"C/min with 
nitrogen purge, and thermal transitions were determined 
by differential scanning calorimetry in a Mettler TA4000/ 
DSC30/TC 1 1 calorimeter by a series of heatingkooling 
cycles in a temperature range between 10 and 280"C, at 
10"C/min and occasionally at 5 ,2  and 1 "C/min. 
Thermooptical analysis was carried out in a Reichert 
Zetopan polarizing microscope provided with a Mettler 
FP80 hot stage and a Nikon FX35A camera. The sample 
was prepared by heating to 180°C and gently shearing 
between two microscope slides. It was then heated under 
the microscope at 10"C/min in a temperature range 
between 10 and 280°C. 
The synchrotron radiation facility at HASYLAB 
(DESY, Hamburg) was used to obtain simultaneous 
WAXS/SAXS spectra with a beam monochromatized 
(1.5 A) by a bent germanium single crystal. Both detectors 
were linear. 
3. Results and discussion 
The DSC of PTOBEE can be seen in Fig. l a .  A glass 
transition between 60°C and 70°C and a broad crystal to 
mesophase transition at about 150 "C confirmed its liquid- 
crystal nature. Decomposition at about 280 "C prevented 
the clearing temperature from being detected. When the 
system is cooled down from the mesophase either in nor- 
mal dynamical conditions, at different cooling rates, or by 
quenching, no crystallization is observed, Fig. 1 b. A three- 
dimensional crystalline phase can develop, either during 
the heating process, Fig. 1 c, or by isothermal treatment at 
about 100 "C. 
The drop in the base line after the transition at around 
6O-7O0C, due to specific heat variation, Fig. 1 a, is not the 
characteristic of a glass transition. However, it could be 
due to some crystal ordering process related to the perfec- 
tion of the smaller PTOBEE crystals. Actually, the melting 
of those crystals is associated with the very broad 
endothermic transition, and as can be seen in Fig. 1 c, there 
exists an exothermic process of three-dimensional order 
formation, over Tg. 
These thermal transitions have been confirmed, in real 
time, by WAXS using a synchrotron radiation source, 
Fig. 2. Two reflections always present throughout the 
experiment at 2 0  - 16" and 24" were associated with the 
mesophase state and another two at -19 and 28" with the 
crystal formation. The main relative intensity of peaks 
assigned to crystal presence are lost after the crystal to 
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Fig. 1. DSC curves between 10 "C and 280°C at 10 "Chin of PTOBEE: (a) First heating run of the original sample, (b) subsequent cooling 
down, (c) second heating run; and of (-)€TOBEE: (d) First heating run of the original sample. 
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Fig. 2. Synchrotron WAXS patterns of PTOBEE under dynamical conditions: Heating range between 30°C and 180°C at 10"C/min, 
5 min kept isothermally at 180 "C, and cooling range from 180°C to 30 "C at 10 "Clmin. 
liquid-crystal transition temperature is reached at about 
150°C during the heating process and they almost do not 
recover after cooling process as compared with isothermal 
crystallization. This is in agreement with the DSC results, 
where exothermic crystallization was not observed on 
cooling dynamically from the mesophase state. 
Thermooptical analysis of PTOBEE also confirmed its 
DSC transitions. Figure 3 a shows the heating cycle of this 
thermotropic polyester and a planar-cholesteric mesophase 
could be predicted, as indicated by the presence of Grand- 
jean steps, Schlieren texture, oily streaks, myelinic 
(striated) texture and blue regions observed by polarizing 
light microscopy in the temperature range from 170 to 
250 "C where the mesophase exists. 
These results, together with measurements of a certain 
negative CD value either in thin films Fig. 4 or in penta- 
fluorophenol solution, Fig. 5, lead us to c o n f m  that the 
polymer obtained was not "racemic", as could be expected 
from its synthesis, but cholesteric. A negative very com- 
plex CD profile varying in shape with sample rotation was 
always obtained from the films. When the sample was in 
solution, a negative value of -60 associated with an 
absorption maximum at 304 nm, very sensitive to sample 
concentration, was observed. 
Confirmation of this was achieved, after some time, 
when a white solid, (-)PTOBEE, began to deposit in the 
toluene used to decant the olymer immediately after reac- 
tion (15% yield). 'H and C-NMR proved this solid to be ! 
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Fig. 3. Thermooptical analysis at 10"CImin for PTOBEE and microphotographs corresponding to PTOBEE. (a) Grandjean steps (at 
170"C), (b) Schlieren texture (at 23OoC), and (d) blue regions (at 240°C). 
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Fig. 4. Circular dichroism of PTOBEE thin films, gently sheared and rotated through the laser beam by 90", 180", 270" and 360" 
the polymer too. Its inherent viscosity had a value of 0.1 dl 
g-', lower than that of PTOBEE. Its ORD was [a]:& = 
-2.33 [0.0056 moM, toluene]. This recrystallized material 
dissolves again in toluene at 80°C. 
Its DSC analysis, Fig. Id ,  exhibits a very sharp 
endothermic transition at 146 "C interpreted as the crystal 
to mesophase transition. Small endothermic changes are 
observed in the base line, between 190" and 240"C, with a 
very low associated enthalpy, of the order of 5 Jlg, which 
could correspond to the transition from liquid-crystal to 
isotropic. 
Moreover, its clearing point could be precisely estimated 
by thermooptical analysis at 230 "C. Its mesophase texture 
is cholesteric, as Schlieren textures and blue regions were 
also observed, Fig. 3 b. 
All this led us to consider this precipitate to be a more 
purified "enantiomer" of lower molecular weight than 
PTOBEE, separated by selective recrystallization from the 
mixture of toluene and the mother liquor, at a temperature 
intermediate between that of reaction and room tempera- 
ture. 
This liquid crystal polymer does not develop more crys- 
tal phases by successive DSC heating-cooling cycles, 
through crystallization temperature, losing its crystallinity 
in every subsequent cycle. This was confirmed by WAXS 
under synchrotron radiation. However, this polymer could 
be crystallized under isothermal conditions in the tempera- 
ture range from 100 to 12O"C, and its crystallization 
kinetics will be published in the near future [ 111. 
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Fig. 5 .  Circular dichroism of FTOBEE in pentafluorophenol(3 mg/ml) at 40°C (-*-), 60°C (-) and 80 "C (- - -), around the absorption 
maximum wavelength. SoIvent interferes at lower frequencies. 
4. Conclusions 
We conclude that the cholesteric mesophase of FTOBEE 
is formed after polycondensation of TOBC and a racemic 
mixture of 1-2 butanediol at 200°C and subsequent decan- 
tation in toluene. The partial solubility of the polymer in 
toluene permits a lower molecular weight fraction of this 
polymer to be obtained by recrystallization, an enantiomer 
with a negative ORD of light and a high purity and crystal- 
linity. 
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